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ELECTRONICALLY CONTROLLED HYDRAULIC BRAKE SYSTEM 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an 
electronically controlled hydraulic brake system which 
increases a brake hydraulic pressure by supplying brake 
fluid into a brake hydraulic pressure line by means of an 
electronically controlled pressure increasing pump, and 
more particularly to a method of controlling a drive 
current command value of a motor for the pressure 
increasing pump so as to linearly compensate a non- linear 
characteristic of the brake hydraulic pressure. 
[0002] Japanese Published Patent Application No. 2001- 

301592 discloses an electronic control system for a pump 
drive motor in an electronically controlled hydraulic 
brake system shown in Fig. 10. This electronic control 
system is arranged to obtain a demand motor output 
(feedforward controlled variable) Ws by multiplying a 
rate dPmc/dt of change (changing speed) of a master 
cylinder hydraulic pressure (brake hydraulic pressure 
command value) Pmc and a coefficient CI according to the 
rate of change of an actual brake (wheel cylinder) 
hydraulic pressure, to obtain an increasing quantity SPws 
due to demand motor output Ws by multiplying the demand 
motor output Ws and a constant C2, to obtain a brake 
hydraulic pressure estimated value Pes by adding actual 
brake (wheel cylinder) hydraulic pressure Pwc to the 
obtained increasing quantity 5Pws , and to obtain a motor 
output feedback controlled variable AW necessary for 
eliminating a brake hydraulic pressure difference AP by 
executing a feedback calculation such as a PID control 
according to a difference AP between break hydraulic 
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pressure estimated value Pes and brake hydraulic pressure 
command value (master cylinder hydraulic pressure) Pmc. 
Further, the brake control system is arranged to control 
the motor by setting a target motor output at a sum of 
5 demand motor output (feedforward controlled variable) Ws 
and motor output feedback controlled variable AW so as to 
obtain the desired output. 
SUMMARY OF THE INVENTION 

[0003] A flow rate model of a pressure increasing pump, 

10 such as a flow rate characteristic (Q M ) of the modeled 

pressure increasing pump can be mathematically expressed 
as shown in Fig. 11. However, a time series variation 
characteristic of brake hydraulic pressure (wheel 
cylinder hydraulic pressure) Pwc in the modeled pressure 

15 increasing pump is normally represented as shown in Fig. 
12 in which there are shown characteristic curves of 20%, 
40% and 60% pump motor drive duties (corresponding to 
drive currents) i M . As is apparent from Fig. 12, a time 
series variation characteristic of brake hydraulic 

20 pressure Pwc exhibits a non-linear characteristic such 
that time change rates 01, 02 and 03 of brake hydraulic 
pressure Pwc increases as the brake hydraulic pressure 
increases, and an attainment brake hydraulic pressure 
(saturated pressure), which is a maximum brake hydraulic 

25 pressure attained when motor drive current i M is applied, 
increases as motor drive current i M increases . 
[0004] Accordingly, in case that coefficient CI, which 
is employed for obtaining the demand motor output Ws by 
multiplying the coefficient CI and the rate dPmc/dt of 

30 change of mater cylinder hydraulic pressure Pmc, varies 

according to the rate of change of actual brake hydraulic 
pressure, it is possible to linearly compensate the 
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non- linear characteristic of brake hydraulic pressure Pwc 
in some degree before brake hydraulic pressure Pwc 
reaches the attainment brake hydraulic pressure since 
time change rates 61, 92 and 03 of hydraulic pressure Pwc 
5 are not zero. However, it is impossible to linearly 
compensate the non-linear characteristic of brake 
hydraulic pressure Pwc after brake hydraulic pressure Pwc 
reached the attainment brake hydraulic pressure since 
time change rates 91, 92 and 93 of hydraulic pressure Pw 
10 are zero. 

[0005] Accordingly, in case that brake hydraulic 
pressure (mater cylinder hydraulic pressure) Pmc is 
applied stepwise as shown by a curve A in Fig. 9, the 
response characteristic of brake hydraulic pressure Pwc 
15 generates a large response delay as shown by a curve B in 
Fig. 9, due to the non- linear characteristic shown in Fig. 
12. This response delay causes a problem relating to the 
degradation of the brake response. 

[0006] It is therefore an object of the present 

20 invention to provide an improved electronically 

controlled hydraulic brake system which solves the 
problem as to the brake response so as to securely 
execute the linear compensation of the non-linear 
characteristic of the brake hydraulic pressure by 
25 employing a specific idea in producing the motor drive 
current command value for the motor of a pressure 
increasing pump. 

[0007] An aspect of the present invention resides in 
an electronically controlled hydraulic brake system, 
30 which comprising a pressure increasing pump which 

increases a brake hydraulic pressure in a brake hydraulic 
line; a motor which is connected to the pressure 
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increasing pump and is controlled on the basis of a motor 
drive current command value obtained from a target brake 
hydraulic pressure to bring the brake hydraulic pressure 
to the target brake hydraulic pressure; a pressure 
5 detector which detects an actual hydraulic pressure in 
the brake hydraulic line; and a controller connected to 
the motor and the pressure detector. The controller is 
arranged to calculate an attainment brake hydraulic 
pressure, which is a maximum brake hydraulic pressure 

10 attained when the motor operates in response to a motor 
drive current command value, to obtain a linear 
compensation executed attainment brake hydraulic pressure 
by linearly compensating the attainment brake hydraulic 
pressure using the actual brake hydraulic pressure, to 

15 obtain a linear compensation executed motor drive current 
command value by executing an inverse calculation of the 
calculation for obtaining the linear compensation 
executed attainment brake hydraulic pressure on the basis 
of the linear compensation executed attainment brake 

20 hydraulic pressure, and to control the motor based on the 
linear compensation executed motor drive current command 
value . 

[0008] Another aspect of the present invention resides 
in an electronically controlled hydraulic brake system 

25 which electronically controls a brake hydraulic pressure 
in a brake hydraulic line for a vehicle by outputting a 
motor drive current command value to a motor of a 
pressure increasing pump for increasing the brake 
hydraulic pressure. The electronically controlled 

30 hydraulic brake system comprises a controller which is 
arranged to execute a linear compensation of a maximum 
brake hydraulic pressure attained when the motor operates 
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in response to a motor drive current command value, and 
to obtain the motor drive current command value by 
executing an inverse calculation of the calculation for 
obtaining the linear compensation executed maximum brake 
5 hydraulic pressure. 

[0009] A further aspect of the present invention 
resides in a method of electronically controlling a brake 
hydraulic pressure in a brake hydraulic line through a 
control of a motor of a pressure increasing pump which 

10 increases the brake hydraulic pressure. The method 
comprises an operation for calculating an attainment 
brake hydraulic pressure, which is a maximum brake 
hydraulic pressure attained when a motor of a pressure 
increasing pump operates in response to a motor drive 

15 current command value, an operation for obtaining a 

linear compensation executed attainment brake hydraulic 
pressure by linearly compensating the attainment brake 
hydraulic pressure using an actually detected brake 
hydraulic pressure in the brake hydraulic line, an 

20 operation for obtaining a linear compensation executed 

motor drive current command value by executing an inverse 
calculation of the calculation for obtaining the linear 
compensation executed attainment brake hydraulic pressure 
on the basis of the linear compensation executed 

25 attainment brake hydraulic pressure, and an operation for 
controlling the motor based on the linear compensation 
executed motor drive current command value. 
[0010] The other objects and features of this 
invention will become understood from the following 

30 description with reference to the accompanying drawings . 
BRIEF DESCRIPTION OF THE DRAWINGS 
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[0011] Fig. 1 is a system view of an electronically 
controlled hydraulic brake control system according to an 
embodiment of the present invention. 

[0012] Fig. 2 is a block diagram of a brake hydraulic 
5 controller of the electronically controlled hydraulic 
brake control system. 

[0013] Fig. 3 is a flowchart showing a control program 

executed by the brake hydraulic controller. 

[0014] Fig. 4 is an explanatory block diagram of a 

10 hydraulic pressure controller shown in Fig. 2. 

[0015] Fig. 5A is a block diagram of a linear 
compensator in Fig. 2 in case of employing a pump flow 
model, and Fig. 5B is a block diagram of a linear 
compensator in Fig. 2 in case of employing a simplified 

15 linear compensator. 

[0016] Fig. 6 is a block diagram showing another 
linear compensator applicable to the brake hydraulic 
controller in Fig. 2. 

[0017] Fig. 7 is a time chart showing a time- series 
20 variation of a brake hydraulic pressure in case of 

employing the linear compensator shown in Figs. 5A and 5B. 
[0018] Fig. 8 is a time chart showing a time- series 
variation of a brake hydraulic pressure in case of 
employing the linear compensator shown in Fig. 6. 
25 [0019] Fig. 9 is a time chart showing step responses 
of the brake hydraulic pressure in case of employing the 
linear compensator shown in Figs. 5A and 5B, of employing 
the linear compensator shown in Fig. 6 and of not 
employing the linear compensator. 
30 [0020] Fig. 10 is a block diagram showing a pump drive 
motor of an electronically control hydraulic brake 
control system of a related art. 
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[0021] Fig. 11 is an explanatory view for a pressure 
increasing pump flow model. 

[0022] Fig. 12 is a time chart showing a time- series 
variation of a brake hydraulic pressure in case of not 
5 employing the liner compensator. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Referring to the drawings, there is discussed 
an embodiment of an electronically controlled hydraulic 
brake system according to the present invention. Fig. 1 

10 shows a system view of the electronically controlled 
hydraulic brake system for a vehicle according to the 
embodiment of the present invention. This electronically 
controlled hydraulic brake control system is applicable 
to a coordinated regenerative brake control system 

is wherein a brake hydraulic pressure and a regenerative 

brake employing an alternating-current synchronous motor 
(not shown) are coordinately controlled. Further, the 
electronically controlled hydraulic brake control system 
comprises a front -wheel brake hydraulic pressure line and 

20 a rear-wheel brake hydraulic pressure line, so as to be 

coordinately controlled with the regenerative -brake motor 
provided for front wheels or rear wheels and to be 
adapted to a front and rear split line arrangement . 
Accordingly, the electronically controlled hydraulic 

25 brake system is capable of independently controlling the 
hydraulic pressures of these two lines even when the 
hydraulic brake system is controlled independent from the 
brake manipulating force of a driver. 

[0024] When the driver depresses a brake pedal 1 to 
30 generate a driver intended braking force, the depression 
force of brake pedal 1 is boosted by a hydraulic booster 
2. The boosted force pushes a piston cup (not shown) of 
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a master cylinder 3, and therefore, master cylinder 3 
outputs a master cylinder hydraulic pressure Pmc 
according to the depression level of brake pedal 1 to a 
front -wheel brake hydraulic pressure line 4F and a 
5 rear- wheel brake hydraulic pressure line 4R. Front -wheel 
brake hydraulic pressure line 4F constructs a front-wheel 
brake hydraulic system for left and right front -wheel 
cylinders 6FL and 6FR . Rear-wheel brake hydraulic 
pressure line 4R constructs a rear-wheel brake hydraulic 
10 system for left and right rear-wheel cylinders 6RL and 
6RR. 

[0025] Hydraulic booster 2 and master cylinder 3 
employ brake fluid, which is commonly or independently 
returned to reservoir (s) 7. Hydraulic booster 2 is 

15 connected with a pump 8, which sucks brake fluid from 

reservoir 7 and discharges the brake fluid to accumulator 
9 so as to be able to always apply the pressurized brake 
fluid at a preset pressure to master cylinder 3. The 
pressure of brake fluid in accumulator 9 is controlled by 

20 means of a sequence control of a pressure switch 10. 

Hydraulic booster 2 boosts the depression force of brake 
pedal 1 with an assist from the pressure of accumulator 9. 
The boosted force pushes the piston cup (not shown) of a 
master cylinder 3. Master cylinder 3 generates master 

25 cylinder hydraulic pressure Pmc corresponding to the 
depression level of brake pedal 1 by sealing the 
pressurized brake fluid supplied from reservoir 7 in a 
front -wheel brake hydraulic pressure line 4F and a 
rear-wheel brake hydraulic pressure line 4R, as discussed 

30 later. Pressure sensors 11F and 11R respectively detect 
the master cylinder pressures Pmc in front -wheel and 
rear-wheel brake hydraulic pressure lines 4F and 4R, and 
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outputs signals indicative of master cylinder pressures 
Pmc to a brake hydraulic pressure controller 40. 
Controller 40 electronically controls the front wheel 
brake hydraulic pressure and the rear wheel brake 
5 hydraulic pressure based on the detected master cylinder 
pressures Pmc. 

[0026] Normal-open type electromagnetic valves 12F and 
12R are disposed in front-wheel brake hydraulic pressure 
line 4F and rear-wheel brake hydraulic pressure line 4R, 

10 respectively, and are electronically connected to 

controller 40. Normal-close type electromagnetic valves 
13F and 13R are disposed in front -wheel brake hydraulic 
pressure line 4F between master cylinder 3 and 
normal -open type electromagnetic valve 12F and rear- wheel 

15 brake hydraulic pressure line 4R between master cylinder 
3 and normal-open type electromagnetic valve 12R, 
respectively. Further, stroke simulators 14F and 14R are 
connected to normal-close type electromagnetic valves 13F 
and 13R, respectively. Accordingly, when normal-open 

20 type electromagnetic valves 12F and 12R and normal-close 
type electromagnetic valves 13F and 13R are put in the 
respective normal states, that is, when normal-open type 
electromagnetic valves 12F and 12R are put in an open 
state and when normal-close type electromagnetic valves 

25 13F and 13R are put in a closed state, master cylinder 
hydraulic pressure Pmc is directly supplied to the 
corresponding wheel cylinder (s). This arrangement 
functions as a fail-safe system when it becomes 
impossible to electronically control front-wheel brake 

30 hydraulic pressure (Pwc) and rear- wheel brake hydraulic 
pressure ( Pwc) . 
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[0027] When brake pedal 1 is depressed for the braking 
of the vehicle, normal-open type electromagnetic valves 
12F and 12R and normal-close type electromagnetic valves 
13F and 13R are all turned on in response to the on 
5 signal of brake switch 15. By these turning-on 
operations of all valves 12F, 12R, 13F and 13R, 
normal -open type electromagnetic valves 12F and 12R are 
closed and normal-close type electromagnetic valves 13F 
and 13R are opened. Since normal -open type 

10 electromagnetic valves 12F and 12R are closed, master 

cylinder pressure Pmc according to the depression force 
of brake pedal 1 is generated in portions of front -wheel 
and rear-wheel brake hydraulic lines 4F and 4R between 
master cylinder 3 and normal-open type electromagnetic 

15 valves 12F and 12R while being received at stroke 

simulators 14F and 14R functioning as a reaction force 
receiver. At this moment, the driver can have a brake 
pedal manipulating feeling as same as that in a normal 
state, due to the reaction force of stroke simulators 14F 

20 and 14R. Further, pressure sensors 11F and 11R detect 
master cylinder Pmc. 

[0028] Portions of front -wheel and rear-wheel brake 
hydraulic lines 4F and 4R downstream of normal -open type 
electromagnetic valves 12F and 12R are connected to left 

25 and right front -wheel cylinders 6FL and 6FR and left and 
right rear-wheel cylinders 6RL and 6RR , respectively. 
More specifically, front -wheel brake hydraulic line 4F is 
connected through a line 16FL and a normal-open antiskid 
control valve 17FL to left front -wheel cylinder 6FL . 

30 Further, left front -wheel cylinder 6FL is connected 

through a normal-close antiskid control valve 18FL to a 
return line 19 connected to reservoir 7. Furthermore, 
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front -wheel brake hydraulic line 4F is connected through 
a line 20FR and a normal-open antiskid control valve 21FR 
to right front -wheel cylinder 6FR . Further, right 
front -wheel cylinder 6FR is connected through a 
5 normal-close antiskid control valve 22FR to return line 
19 connected to reservoir 7. Similarly, rear-wheel brake 
hydraulic line 4R is connected through a line 23RL and a 
normal-open antiskid control valve 24RL to left 
rear-wheel cylinder 6RL. Further, left rear-wheel 

10 cylinder 6RL is connected through a normal-close antiskid 
control valve 25RL to return line 19 connected to 
reservoir 7. Furthermore, rear-wheel brake hydraulic 
line 4R is connected through a line 26RR and a 
normal-open antiskid control valve 27RR to right 

15 rear-wheel cylinder 6RR . Further, right rear-wheel 

cylinder 6RR is connected through a normal-close antiskid 
control valve 28RR to return line 19 connected to 
reservoir 7 . 

[0029] Since the antiskid control executed by 
20 controlling each normal-open antiskid control valve and 
each normal-close antiskid control valve of each wheel 
5FL, 5FR, 5RL, 5RR is the same as a commonly known 
control, the detailed explanation thereof is omitted. 
Only the schematic explanation is made hereinafter. When 
25 the wheels are not in a slipping state, that is, when a 
slip ratio is smaller than an ideal slip ratio 
corresponding to the maximum friction coefficient, the 
normal-open antiskid control valve and the normal-close 
antiskid control valve for each wheel are put in a normal 
30 state, and therefore the hydraulic pressured for the 

antiskid control is not supplied to each wheel cylinder. 
When the wheels are put in the slipping state, that is, 
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when the slip ratio becomes greater than the ideal slip 
ratio, the normal-open antiskid control valve is first 
turned on and is put in the closed state. This closing 
of the normal-open antiskid control valve together with 
5 the close state of the normal-close antiskid control 
valve maintains the hydraulic pressure of the wheel 
cylinder. When the wheels still slip although the above 
operation is executed, the slip is prevented by 
decreasing the hydraulic pressure of the wheel cylinder 

10 in a manner of opening the normal-close antiskid control 
valve by executing the turning-on thereof. 
[0030] In order to electronically control the 
front -wheel hydraulic pressure and the rear-wheel 
hydraulic pressure Pwc in the portions of front -wheel 

15 hydraulic line 4F downstream of normal -open 

electromagnetic valve 12F and of rear-wheel hydraulic 
line 4R downstream of normal-open electromagnetic valve 
12R, discharge ports of pressure increasing pumps 29F and 
29R are connected to the portions of front-wheel 

20 hydraulic line 4F downstream of normal -open 

electromagnetic valve 12F and of rear-wheel hydraulic 
line 4R downstream of normal-open electromagnetic valve 
12R, respectively. Normal-close electromagnetic valves 
30F and 30R are also connected to the portions of 

25 front-wheel hydraulic line 4F downstream of normal-open 
electromagnetic valve 12F and of rear-wheel hydraulic 
line 4R downstream of normal-open electromagnetic valve 
12R, respectively. Further, suction ports of pressure 
increasing pumps 29F and 29R are connected to return line 

30 19 connected to reservoir 19. 

[0031] Pressure increasing pumps 29F and 29R are 
driven by a pressure-increasing-pump motor 31 which is 
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electronically connected to controller 40, and therefore 
front -wheel brake hydraulic pressure and rear-wheel brake 
hydraulic pressure Pwc is increased by increasing the 
brake fluid supply quantity in a manner of increasing a 
5 drive duty (motor drive current) i' M applied to motor 31. 
On the other hand, openings of pressure decreasing valves 
30F and 30R are increased from zero according to the 
increase of drive duty (pressure decreasing valve drive 
current) i* v supplied to pressure decreasing valves 30F 

10 and 30R This increase of the openings of pressure 

decreasing valves 30F and 30R increases the discharge 
quantity of the brake fluid to return line 19, and 
therefore front -wheel and rear-wheel brake hydraulic 
pressure Pwc is decreased by this operation. That is, 

15 front -wheel brake hydraulic pressure Pwc is capable of 
being controlled by controlling the brake fluid supply 
quantity from pressure increasing pump 2 9F and the brake 
fluid discharge quantity from pressure decreasing valve 
30F. Rear-wheel brake hydraulic pressure Pwc is capable 

20 of being controlled by controlling the brake fluid supply 
quantity from pressure increasing pump 29R and the brake 
fluid discharge quantity from pressure decreasing valve 
30R. Pressure sensors 32F and 32R detects front-wheel 
brake hydraulic pressure Pwc and rear-wheel brake 

25 hydraulic pressure Pwc, respectively. 

[0032] Brake hydraulic pressure controller 40 shown in 
Fig. 2 executes a control program shown in Fig. 3 to 
execute the electronic control of front -wheel brake 
hydraulic pressure Pwc and rear-wheel hydraulic pressure 

30 Pwc through the control of pressure increasing pumps 29F 
and 2 9R commonly driven by motor 31 and pressure 
decreasing valves 30F and 30R. Although Figs. 2 and 3 
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show the control for one of the front -wheel brake 
hydraulic pressure line and the rear-wheel hydraulic 
pressure line, the control of the other line is basically 
the same as that shown in Figs. 2 and 3 and therefore the 
5 explanation of the control for the other line is omitted 
herein . 

[0033] The control program shown in Fig. 3 is 
repeatedly executed at predetermined intervals, in this 
embodiment it is executed at 10msec intervals. 

10 [0034] At step SI controller 40 reads actual brake 

hydraulic pressure Pwc from pressure sensors. At step S2 
controller 40 calculates a target brake hydraulic 
pressure P*wc based on the detected pressures. Herein, 
target brake hydraulic pressure P*wc is obtained based on 

15 master cylinder pressure Pmc commanded by the driver, and 
is further freely determined upon taking account of the 
vehicle behavior control and the coordinated control 
using the regenerative braking. 

[0035] At step S3 controller 40 closes brake hydraulic 
20 system 4F (4R) in response to the depression of brake 
pedal 1 (the signal of brake switch 15) by turning on 
normal-open electromagnetic valve 12F (12R) and opens 
brake hydraulic system 4F (4R) by turning on 
normal-closed electromagnetic valve 13F (13R) so that the 
25 driver can have a feeling of a normal operation of brake 
pedal 1 due to the reaction force of stroke simulator 14F 
(14R) . 

[0036] At step S4 controller 40 calculates target 
manipulated variable (duty ratio conversion quantity) i* 
30 of brake hydraulic system 4F (4R), by which the actual 
brake hydraulic pressure is brought closer to target 
brake hydraulic pressure P*wc, on the basis of target 
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brake hydraulic pressure P*wc and actual brake hydraulic 
pressure P W c using a hydraulic controller 41 shown in Fig. 
2. 

[0037] Hydraulic controller 41 comprises a feedforward 
5 compensator G FF (S), a reference model Gref (S), and a 
feedback compensator G F b(S) as an example employing "a 
two-degree-of -freedom control method" shown in Fig. 4. 
Feedback compensator G FB (S) modulates a stability, a 
disturbance durability and a close-loop performance of 

10 the control system, and feedforward compensator G FF (S) 
basically modulates a responsibility of actual brake 
hydraulic pressure Pwc with respect to target brake 
hydraulic pressure P*wc basically in case that there is 
no model error. Herein, feedforward compensator G FF ( S ) 

15 is represented by the following expression (1). 

G FF (S)=S/(TrefS+l) (1) 

where Tref is a time constant, and S is Laplace operator. 
Reference model Gref(S) is represented by the following 
expression ( 2 ) . 

20 Gref ( S ) =1 / ( Tref *S+ 1 ) ( 2 ) 

where Tref is the time constant. 

Feedback compensator G FB (S) is represented by the 
following expression (3). 

G FB (S) = (Kp*S+Ki)/S ---(3) 
25 where Kp is a proportion control constant, and Ki is an 
integral control constant. 

[0038] In order to correspond a response 
characteristic P(S) of the controlled object to reference 
model characteristic Gref(S), a feed-forward manipulated 
30 variable i* FF is calculated by executing a feedforward 
compensation (phase compensation) in a manner of 
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processing target brake hydraulic pressure P*wc using 
feed-forward compensator G FF (S). Subsequently, reference 
brake hydraulic pressure Pref shown by a curve C in Fig, 
9 is calculated by processing target brake hydraulic 
5 pressure P* W c using reference model Gref(S). Further, a 
brake hydraulic pressure deviation (difference) AP 
between reference brake hydraulic pressure Pref and 
actual brake hydraulic pressure Pwc ( AP=Pref -Pwc ) is 
calculated. A feedback manipulated variable i* FB is 
10 calculated by executing a feedback compensation in a 

manner of processing brake hydraulic pressure difference 
AP using feedback compensator G F b(S). Finally, a target 
manipulated variable i* is obtained by adding 
feed-forward manipulated variable i* FF and feedback 

15 manipulated variable i* FB (i* = 1*ff + 1*fb) . 

Actually, these calculations are executed upon putting 
the above expressions into the discrete form. 
[0039] At steps S5 through S7 in Fig. 3, pressure 
increase and decrease manipulated variable distributor 42 

20 distributes target manipulated variable i* of brake 
hydraulic system (line) 4F (4F) into drive current 
command value i* of pressure decreasing value 30F (30R) 
and drive current command value i* M . More specifically, 
at step S5 controller 40 checks the polarity of target 

25 manipulated variable i* of pressure decreasing value 30F 
(30R) by determining whether or not target manipulated 
variable i* is greater than or equal to zero (i* ^0). 
When the determination at step S5 is affirmative, that is, 
when target manipulated variable i* is a positive value, 

30 the program proceeds to step S6 wherein controller 40 



P03NM- 124/02-02363 



-17- 

sets drive current command value i* M of pressure 
increasing pump motor 31 at target manipulated variable 
i* (i* M =i*) and sets pressure decreasing valve drive 
current command value target manipulated variable i* v at 
5 zero (i* v =0). When the determination at step S5 is 

negative, that is, when target manipulated variable i* is 
a negative value, the program proceeds to step S7 wherein 
controller 40 sets drive current command value i* M of 
pressure increasing pump motor 31 at zero(i* M =0) so as to 
10 stop motor 31 and sets pr es sure - decreas ing -valve drive 
current command value i* v at target manipulated variable 
i* ( i* v =-i* ) - 

[0040] In case that drive current command value i* M of 
pressure increasing pump motor 31 is set at target 

15 manipulated variable i* (i* M =i*) at step S6 in Fig. 3, if 
the drive control of pressure increasing pump motor 31 is 
executed using this set value directly, there is caused a 
response delay of braking as shown by a curve B in Fig. 9, 
due to the non-liner characteristic of brake hydraulic 

20 pressure Pwc discussed in the explanation of Fig. 12. In 
order to solve this problem, at step S8 in Fig. 3, 
controller 40 obtains a linear-compensation-executed 
pressure -increasing -pump drive current command value i' M 
which is employed in the linear compensation of the 

25 non- linear characteristic of brake hydraulic pressure Pwc 
shown in Fig. 12 using a linear compensator 43 in Fig. 2. 
[0041] Linear compensator 43 in Fig. 2 is constructed 
by an attainment brake hydraulic pressure calculating 
section 51, a virtual initial pressure setting section 52, 

30 an attainment brake hydraulic pressure compensating 
section 53 and a linear-compensation-executed 
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pressure -increasing -pump drive current command value 
calculating section 54 , as shown in Fig. 5A. Attainment 
brake hydraulic pressure calculating section 51 
calculates an attainment brake hydraulic pressure P* M 
5 which is an attainable maximum brake hydraulic pressure 
attained by pressure increasing pump 29F (29R) when motor 
31 is driven by drive current command value i* M , using an 
attainment brake hydraulic pressure map and a 
predetermined function. Virtual initial pressure setting 
10 section 52 sets a virtual initial pressure Pwco which is 
virtually set as an initial value of the brake hydraulic 
pressure. Normally, this virtual initial pressure Pwco 
is set at zero MPa. 

[0042] Attainment brake hydraulic pressure 

15 compensation section 53 obtains a 

linear-compensation-executed attainment brake hydraulic 
pressure P' M by executing the linear compensation of 
attainment brake hydraulic pressure P* M through the 
addition of actual brake hydraulic pressure Pwc. 

20 Attainment brake hydraulic pressure compensation section 
53 is constructed by an ideal flow rate calculating 
section 61 and a linear-compensation-executed attainment 
brake hydraulic pressure calculating section 62. Ideal 
flow rate calculating section 61 calculates an ideal flow 

25 rate Q* M of pressure increasing pump, which is obtained as 
a matter of course when virtual initial pressure Pwco is 
employed as a standard under attainment brake hydraulic 
pressure P* M , using the following hydrodynamic flow-rate 
expression (4) representatively based on Bernoulli's 

30 theorem. 

Q* M =C M *A M {(2/p) [ P*„(I* M )-Pwco]} 1/2 ---(4) 
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where Q* M is ideal flow rate of pressure increasing pump, 
C M is a flow rate coefficient (a fixed value), A M is an 
orifice opening area of pressure increasing pump 29F 
(29R) as same as that in Fig. 11, p is a fluid specific 
5 gravity, P* M is attainment brake hydraulic pressure, I* M 
is pressure increasing pump (motor) drive current command 
value, and Pwco is the virtual initial pressure. 
[0043] Linear-compensation-executed attainment brake 
hydraulic pressure calculating section 62 obtains a 

10 linear-compensation-executed attainment brake hydraulic 

pressure P' M , which is obtained as a matter of course when 
the ideal flow rate Q* M is ensured from the present actual 
brake hydraulic pressure Pwc, using the inverse 
calculation of the expression (1) from actual brake 

15 hydraulic pressure Pwc and ideal flow rate Q* M - 

Linear-compensation-executed pressure increasing pump 
drive current command value calculating section 54 
obtains a linear-compensation-executed motor drive 
current command value I'm based on 

20 linear-compensation-executed attainment brake hydraulic 
pressure P' M by executing the inverse calculation of the 
calculation executed in attainment brake hydraulic 
pressure calculation section 51, that is, by executing an 
inverse index of the attainment brake hydraulic pressure 

25 map employed in attainment brake hydraulic pressure 
calculating section 51 or by using a predetermined 
inverse function. 

[0044] At step S9 subsequent to the execution of step 
S8, controller 40 executes the drive control by 
30 outputting linear-compensation-executed motor drive 
current command value i' M obtained at step S8 which 
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corresponds to linear compensator 43 in Fig. 2 and 
pressure-decreasing-valve drive current command value i* v 
obtained at step S6 or S7 to pressure increasing pump 
motor 31 and pressure decreasing valve 30F (30R), 
5 respectively . Pressure-decreasing 

linear- compensation-executed motor drive current command 
value i' M compensates the flow rate characteristic of 
pressure increasing pump 29F (29R) so as to perform the 
same characteristic as that in virtual initial pressure 

10 Pwco (=0MPa). Accordingly it becomes possible to 

linearize the non-linear characteristic shown in Fig. 12 
into the linear characteristic shown in Fig. 7. 
Explaining as to Fig. 9, by improving a step response of 
brake hydraulic pressure Pwc from a curve B 

15 representative of a conventional characteristic to a 

curve D, the improved step response becomes very close to 
reference brake hydraulic pressure Pref shown by the 
curve C. This decreases the response delay of braking 
and solves the problem of a brake response. 

20 [0045] Attainment brake hydraulic pressure 

compensation section 53 obtains ideal flow rate Q* M of 
pressure increasing pump from attainment brake hydraulic 
pressure P* M and virtual initial pressure PwcO using a 
flow rate model (function or map) in calculating section 

25 61. Further, linear compensation executed attainment 

brake hydraulic pressure P' M is obtained from ideal flow 
rate Q* M and actual brake hydraulic pressure Pwc from an 
inverse flow rate model (inverse function or inverse map) 
in calculating section 62. Accordingly, the flow rate 

30 characteristic of pressure increasing pump can be 

represented by a flow rate model wherein inputs are 
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attainment brake hydraulic pressure P* M , virtual initial 
pressure Pwco and actual brake hydraulic pressure Pwc. 
It becomes possible to freely obtain the flow rate 
characteristic as same as that in a virtual hydraulic 
5 state. Therefore, the characteristic of hydraulic 

pressure change ratio with respect to pressure increasing 
pump (motor) drive current command value i* M is linearized 
without being affected by actual brake hydraulic pressure 
Pwc. Particularly, since attainment brake hydraulic 
10 pressure P* M is not changed by pressure increasing pump 

(motor) drive current command value i* M , the linearization 
of the flow rate characteristic is securely ensured in 
the necessary hydraulic pressure range. 

[0046] Although flow rate coefficient C M in the flow 

15 rate equation varies according to unattained brake 

hydraulic pressure quantity between the control state 
brake hydraulic pressure and control finish brake 
hydraulic pressure which are deeply related to the pump 
flow rate, in case that the above functions and 

20 advantages are ensured by approximating the flow rate 

coefficient C M at a fixed value, it is possible to treat 
flow rate coefficient C M as a fixed value. In this case, 
the equation of the flow rate model employed in ideal 
flow rate calculation section 61 and the equation of the 

25 inverse model employed in linear compensation executed 
attainment brake hydraulic pressure calculating section 
62 in Fig. 5A have terms to be cancelled with each other 
when they are aligned together. Therefore, attainment 
brake hydraulic pressure compensation section 53 of 

30 linear compensator 43 is expressed by a simple form as 
shown in Fig. 5B. 
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[0047] As is apparent from Fig. 5B, attainment brake 
hydraulic pressure compensation section 53 is arranged to 
obtain linear- compensation-executed attainment brake 
hydraulic pressure P' M by adding actual brake hydraulic 
5 pressure Pwc and a value (P* M - Pwco) obtained by 

subtracting virtual initial pressure Pwco(=0MPa) set at 
virtual initial pressure setting section 52 from 
attainment brake hydraulic pressure P* M obtained at 
attainment brake hydraulic pressure calculating section 

10 51. This arrangement simplifies the structure of the 
control model and simplifies the calculations, and 
therefore the total cost of the system is largely 
decreased. Further, unattained brake hydraulic pressure 
between attainment brake hydraulic pressure P* M and actual 

15 brake hydraulic pressure Pwc which are deeply related to 
the pump flow rate, is employed in the linear 
compensation, the linear compensation is further 
accurately executed . 

[0048] Fig. 6 shows a modification of the embodiment 
20 which is applicable to a case that flow rate coefficient 
C M in the flow rate equation is largely varied according 
to the unattained brake hydraulic pressure quantity and 
therefore the above discussed functions and advantages 
are not ensured if flow rate coefficient C M is set at a 
25 fixed value. In this modification, flow rate coefficient 
C M in the flow rate model and an inverse model using in 
ideal flow rate calculation section 61 and linear 
compensation executed attainment brake hydraulic pressure 
calculation section 63 is not set at a fixed value and is 
30 treated as a variable which is sequentially obtained in 
flow rate coefficient calculating sections 71 and 72. 
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[0049] Flow rate coefficient calculating section 71 
obtains flow rate coefficient C M from unattained brake 
hydraulic pressure quantity (P* M -Pwco) which is a 
difference between actual brake hydraulic pressure Pwco 
5 and attainment brake hydraulic pressure P* M , using a 
predetermined map or predetermined function, and the 
obtained flow rate coefficient C M is employed in the 
calculation by ideal flow rate calculation section 61. 
Flow rate coefficient calculating section 72 obtains flow 

10 rate coefficient C M from unattained brake hydraulic 

pressure quantity (P' M -Pwco) which is a difference between 
actuai brake hydraulic pressure Pwco and linear 
compensation executed attainment brake hydraulic pressure 
P' M , using a predetermined map or predetermined function, 

15 and the obtained flow rate coefficient C M is employed in 
the calculation by linear compensation executed 
attainment brake hydraulic pressure calculation section 
62. 

[0050] With this modification, even if flow rate 
20 coefficient C M is largely varied according to the 

unattained brake hydraulic pressure quantity between the 
control start brake hydraulic pressure and control finish 
brake hydraulic pressure, it is possible to process the 
time- series change characteristic of brake hydraulic 
25 pressure Pwc by the linear compensation as shown in Fig. 
8, so that the step response of the brake hydraulic 
pressure Pwc closely approaches the reference break 
hydraulic pressure Pref shown by curve C in Fig. 9 by 
improving the response into a characteristic represented 
30 by curve D in Fig. 9. This compensation decreases the 

response delay of brake and solves the problem as to the 
insufficiency of the brake response. 
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[0051] This application is based on Japanese Patent 
Application No. 2003-45824 filed on February 24, 2003 in 
Japan. The entire contents of this Japanese Patent 
Application are incorporated herein by reference. 
[0052] Although the invention has been described above 
by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described 
above. Modifications and variations of the embodiments 
described above will occur to those skilled in the art , 
in light of the above teaching. The scope of the 
invention is defined with reference to the following 
claims . 



